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(54) Device for charging weighed out articles mlo a container 



(57) An apparatus for quantitative charging of a high 
accuracy and a large weighing speed are disclosed. A 
storage cup, which is formed by a main storage cup 2 
and foursubtractive storage cups, and four additive stor- 
age cups are disposed. The storage cup stores an arti- 
cles having a weight which are close to a target weight. 
A capacity ratio between the subtractive storage cups 
and a capacity ratio between the additive storage cups 
are both set 1 :2:4:8. Articles are supplied from an charg- 
ing apparatus into the storage cup and the four additive 



storage cups. The articles within the storage cup are 
weighed by a load cell as a rough charging weight, and 
a weight difference between the rough charging weight 
and the target weight is calculated. A proper combina- 
tion of the additive storage cups or the subtractive stor- 
age cups is selected in accordance with the weight dif- 
ference, and the articles are discharged from these cups 
together with the articles which are stored within the 
main storage cup through a chute into a container or a 
packing machine. 
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Description 

Field of the Invention 

The present invention relates to a quantitative 
charging apparatus for filling with articles to a target 
weight at a high accuracy and at a high speed, in which 
the articles are dividedly stored in advance in a main 
storage cup of a predetermined capacity and subtractive 
storage cups each having a predetermined capacity so 
that the articles can be removed later if the articles are 
overweighed, and articles for adding stored in additive 
storage cups each having a predetermined capacity so 
that the articles can be added later if there is an under- 
weight. 

Prior Art 

Quantitative charging of powdery or granular arti- 
cles has a long tradition. Of constant quantity filling 
methods, volumetric weighing Is a method which has 
been widely adopted. However, volumetric weighing 
has been gradually replaced with weighing by weight. 
This is mainly because it has become necessary to 
weigh more accurately, typically a chemical compound, 
for example. This is a problem which has not been very 
important for weighing of agricultural products such as 
rice and wheat, in the past. Figs. 7 to 9 show a typical 
example of a quantitative charging apparatus for charg- 
ing with powder in a current manner. 

In the quantitative charging apparatus of Fig. 7, a 
target weight Is set by a 100% setter 51 , 90% of the tar- 
get weight is set as a cut value by a cut value setter 52, 
and articles are supplied while weighing the articles to 
a weighing hopper 53. How large the cut value should 
be depends on the nature of the articles which are to be 
measured. Charging with the articles are started in the 
state wherein the weighing hopper 53 is empty and an 
Indicator 54 indicates 0. To shorten a weighing time as 
much as possible, it is necessary to perform charging 
with an increased feeding rate which is realized by in- 
creasing the amplitude of an feeder 55 up to 90% which 
is a predetermined quantity. This is called "large quantity 
charging," "rough charging" or "90% charging." When a 
charged quantity reaches about 90%. the amplitude of 
the feeder 55 is decreased under the control of a control 
apparatus 56, fine charging for the remaining 10% is 
then performed, and charging is stopped when charging 
is completed up to 100%. Such fine charging is called 
"small quantity charging." Upon completion of charging, 
a container (not shown) is filled with the articles which 
are supplied from a lower portion of the weighing hopper 
53. 

This completes one cycle of quantitative filling. In 
reality, however, to increase a weighing accuracy, gap 
correction Is performed. Gap correction Is attained con- 
sidering articles which are being dropped onto the 
weighing hopper 53 from the feeder 55 shown in Fig. 7. 



that is, by subtracting the dropped articles in advance. 
While Fig. 7 shows an example v/here large quantity 
charging and small quantity charging are realized by 
changing the amplitude of one feeder 55. in other type 
5 of apparatus, two feeders 55. one for large quantity 
charging and the other for small quantity charging, are 
switched with each other. In addition to vibration feed- 
ers, screw feeders (or known as auger type feeders) are 
also known as the feeders 55. 
10 Alternatively, as shown in Fig. 8. there is an another 
type of quantitative charging apparatus in which an hop- 
per 62 having a flow rate control gate 61 for charging is 
disposed, an empty container 64 is placed on a plate of 
a scale 63, and the container 64 is charged with articles 
15 while controlling opening and closing of the flow rate 
control gate 61 of the hopper 62. In this quantitative 
charging apparatus, a target weight is set in a control 
apparatus 65 by a setter 67, and a weight value is indi- 
cated by an indicator 66. In this type of quantitative 
20 charging apparatus, by controlling opening and closing 
of the flow rate control gate 61 , large quantity charging 
and small quantity charging are successively adjusted. 

Further, a quantitative charging apparatus having a 
structure as that shown in Fig. 9 is also known. In this 
25 apparatus, a container 71 is charged with articles by an 
auger screw 72, up to a volume which is set in a setter 
77 in advance. When the container 71 Is weighed on a 
weighing apparatus 73, the weight of the content of the 
container 71 is indicated by an indicator 75. This value 
30 is fed back to a control apparatus 76 as a charged quan- 
tity, and is controlled to be close to a predetermined 
quantity during filling up of a next container. Thus, this 
apparatus examines whether the charging value of a 
precedent container which is weighed by the weighing 
35 apparatus 73 coincides with a target weight, and repeats 
controlling so that a charging value which is further clos- 
er to the target weight is attained during filling up of a 
next container. The accuracy of such a quantitative 
charging apparatus is not very good in general, since 
40 speed control is executed by the auger screw. In a fur- 
ther alternative apparatus, two auger screws, one for 
large quantity charging and the other for small quantity 
charging, are disposed, charging is performed with the 
auger screw for large quantity charging at a rough vol- 
45 ume charging up to 0% to 90%. a container is moved 
onto a scale by a conveyer upon completion of large 
quantity charging, and the articles are supplied by small 
quantity charging up to a predetermined quantity while 
weighing. Such an apparatus is complex, and is often 
50 expensive. 

The conventional quantitative charging apparatus- 
es shown in Figs. 7 to 9 are each a constant unit scale 
which performs weighing while charging. The biggest 
problem in weighing while charging is that if articles are 
55 excessively charged over a target weight by mistake, 
weighing failure occurs. Hence, in these apparatuses, it 
is essential to stop charging once before a target weight 
Is reached and to continue charging after setting the 
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feeding rate being smaller so that the target weight is 
not exceeded. This is a cause of a decrease in the 
charging speed of the quantitative charging apparatus. 

Further in the quantitative charging apparatuses 
shown in Figs. 7 and 8. since the charging speed is con- 
trolled by a value which is found during weighing, the 
charging speed per a unit time is limited so as to perform 
filling at a high accuracy. In addition, since large quantity 
charging and small quantity charging are switched by 
means of the same feeder or the like, due to the exist- 
ence of articles which are being dropped during switch- 
ing, it is not possible to set a ratio of feed quantities larg- 
er than 95:5 between large quantity charging and small 
quantity charging per unit time. 

The present invention solves these problems asso- 
ciated with the conventional techniques. An object of the 
present invention is to provide for a method of and an 
apparatus for quantitative charging of a high accuracy 
and a large weighing speed. 

Summary of the Invention 

A quantitative charging apparatus according to the 
present invention, comprises: a storage cup which in- 
cludes ono main storage cup of a predetermined capac- 
ity and a plurality of subtractive storage cups each of a 
predetermined capacity so as to store articles having a 
weight which is close to a target weight within said 
main storage cup and said subtractive storage cups; a 
plurality of additive storage cups each of a predeter- 
mined capacity so as to store articles for adding; weigh- 
ing means for weighing the total weight of articles which 
are supplied into said main storage cup and each of said 
subtractive storage cups as a rough charging weight 
W^; and control means for comparing said target weight 
and said rough charging weight W^, when said rough 
charging weight is smaller than said target weight 
W^^, said control means calculating an underweight 
= - Wg, selecting a combination of said additive stor- 
age cups based on the weight of articles stored in each 
of said additive storage cups which is calculated from 
the bulk specific gravity of the articles so that the com- 
bination becomes closest said underweight W^, and 
thereafter discharging the articles stored within said ad- 
ditive storage cups which are selected together with the 
articles which are stored in said storage cup, but when 
said rough charging weight Wg is larger than said target 
weight said control means calculating an over- 
weight = Wa - W^j, selecting a combination of said 
subtractive storage cups based on the weight of articles 
stored in each of said subtractive storage cups which is 
calculated from the bulk specific gravity of the articles 
so that the combination becomes closest said over- 
weight Wg. and thereafter discharging the articles stored 
within said subtractive storage cups which are not se- 
lected together with the articles stored in said main stor- 
age cup. 

In another embodiment of the present invention, A 



quantitative charging apparatus comprises: a storage 
cup which includes one main storage cup of a predeter- 
mined capacity and one or a plurality of subtractive stor- 
age cups each of a predetermined capacity so as to 

5 store articles having a weight which is close to a target 
weight within said main storage cup and said sub- 
tractive storage cups; a plurality of additive storage cups 
each of a predetermined capacity so as to store articles 
for adding; weighing means for weighing the total weight 

10 of articles which are supplied into said main storage cup 
and each of said subtractive storage cups as a rough 
charging weight W^; and control means for calculating 
a weight difference W^, = Wg - between said target 
weight and said rough charging weight W^, selecting 

IS said subtractive storage cups to be subtracted from said 
weight difference and said additive storage cups to 
be added to said weight difference based on the 
weight of articles stored in each of said subtractive stor- 
age cups and said additive storage cups which is calcu- 

20 laied from the bulk specific gravity of the articles so that 
the combination becomes closest said weight difference 
W^j, and thereafter discharging the articles stored within 
said subtractive storage cups which are not selected 
and the articles stored within said additive storage cups 

25 which are selected together with the articles stored in 
said main storage cup. 

In a quantitative charging apparatus according to 
the present invention, a storage cup is disposed which 
includes one main storage cup of a predetermined ca- 

30 pacity and a plurality of subtractive storage cups each 
of a predetermined capacity. Articles having a weight 
which is close to a target weight are dividedly stored 
in the main storage cup and the subtractive storage 
cups, to attain the target weight W^. Further, there Is a 

3S plurality of additive storage cups for each storing articles 
for adding. The total weight of the articles within the main 
storage cup and a plurality of subtractive storage cups 
are weighed by weighing means, as a rough charging 
weight W^. 

40 Control means compares the target weight with 
the rough charging weight W^. When the rough charging 
weight W3 is smaller than the target weight W^, as a re- 
sult of the comparison, an undenweight Wb = - is 
calculated. A combination of the additive storage cups 

45 which makes up a weight which is closest the under- 
weight Wb is selected. The articles within the additive 
storage cups which are selected are discharged togeth- 
er with the articles which are stored in said main storage 
cup and all subtractive storage cups. 

50 Further, when the rough charging weight Wg is larg- 
er than said target weight W^, an overweight = W3 - 
is calculated. A combination of the subtractive stor- 
age cups which makes up a weight which is closest the 
ovenweight Is selected, based on the weights of the 

55 articles which are stored in the subtractive storage cups. 
The articles within the subtractive storage cups which 
are not selected are discharged together with the arti- 
cles which are stored in said main storage cup. 
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The weight of each subtractive storage cup and the 
weight of each additive storage cup can be calculated 
from the bulk specific gravity of the articles. The value 
of the bulk specific gravity may be calculated from the 
capacities of said main storage cup and all subtractive 
storage cups each time the rough charging weight 
is weighed, or may be fixed based on a value which is 
predicted in advance. 

In an another type of quantitative charging appara- 
tus according to the present invention, a storage cup is 
disposed which includes one main storage cup of a pre- 
determined capacity and one or a plurality of subtractive 
storage cups each of a predetermined capacity As in 
the first structure described above, articles for adding 
are stored in the plurality of additive storage cups for 
each having a predetermined capacity. The total weight 
of the articles within the main storage cup and the sub- 
tractive storage cups are weighed by weighing means, 
as the rough charging weight Wg, 

The control means calculates a weighl difference 

= Wg - Wo between said target weight and said 
rough charging weight W^. A combination of said sub- 
tractive storage cups to be subtracted from said weight 
difference and said additive storage cups to be add- 
ed to said weight difference is selected so that the 
weight difference becomes as close to 0 as possible. 

The articles within said subtractive storage cups 
which are not included in this combination and the arti- 
cles within said additive storage cups which are included 
in this combination are discharged together with the ar- 
ticles which are stored in said main storage cup. As in 
the previously described embodiment of the invention, 
the weight of each subtractive storage cup and the 
weight of each additive storage cup can be calculated 
from the bulk specific gravity of the articles. 

In the quantitative charging apparatuses of the two 
embodiment described above, since quantitative charg- 
ing is attained by performing weighing only once, the 
charging speed is large. Further, since the combination 
of said subtractive storage cups for subtraction or the 
combination of said additive storage cups for addition is 
calculated by a computer or the like in a moment, the 
filling speed is further higher. 

In the both structures described above, some of 
said subtractive storage cups may have the same ca- 
pacity. Further, a capacity ratio between n subtractive 
storage cups (n < the number of said subtractive storage 
cups) may satisfy the following formula: 



: r 



k-1 



n-1 



(3) 



where r is a positive real number, and 0 < k < n. 

In the formula (3), r may be an integer or a decimal 
number as far as having a positive value. If r = 2, the 
capacity ratio between the subtractive storage cups is 
1:2:4:8:16 which makes it possible to adjust weights 
finer in a wide range. Meanwhile, if r = 3, the capacity 
ratio between the subtractive storage cups is 1:3:9: 



27 .... which makes it possible to adjust weights in an 
even wider range. 

In the both embodiments described above, some of 
said additive storage cups may have the same capacity. 
5 Further, a capacity ratio between at least m additive stor- 
age cups (m < the number of said additive storage cups) 
may satisfy the following formula: 

12 k-1 . _n-1 ... 

1 : s : s : ... : s : ... : s (4) 

where s Is a positive real number, and 0 < k < m. 

In the formula (4), s may be an integer or a decimal 
number as far as having a positive value. If s = 2, the 
capacity ratio between the additive storage cups is 1 :2: 
4:8:16 which makes it possible to adjust weights finer 
in a wide range. Meanwhile, if s = 3, the capacity ratio 
between the additive storage cups is 1 :3:9:27 .... which 
makes it possible to adjust weights in an even wider 
range. 

In a quantitative charging apparatus according to 
the present invention, to make up a target weight, arti- 
cles are divided and stored in advance in a main storage 
cup and a subtractive storage cup while a plurality of 
additive storage cups are prepared to store articles for 
adding in advance. Hence, only by selecting a subtrac- 
tive storage cup and an additive storage cup for supply- 
ing in accordance with a weight difference between a 
rough charging weight and the target weight, it is possi- 
ble to fill up with the articles having the target weight. 
Therefore, weighing may be performed only once, which 
increases the speed of quantitative charging very large- 
ly. Further, since a combination of the subtractive stor- 
age cups and the additive storage cups is calculated by 
a computer or the tike in a moment, the filling speed is 
further increased. 

3S 

Brief Description of the Drawings 

Figure 1 is a schematic representation showing a 
first example of a quantitative charging apparatus ac- 
cording to the present invention. 

Figure 2 is a flow chart showing the quantitative 
charging method which is performed by using the quan- 
titative charging apparatus in Figure 1. 

Figure 3 is a schematic representation showing a 
^ second example of a quantitative charging apparatus 
according to the present invention. 

Figure 4 is a flow chart showing the quantitative 
charging method which is performed by using the quan- 
titative charging apparatus in Figure 3. 

Figure 5 Is a schematic representation showing a 
third example of a quantitative charging apparatus ac- 
cording to the present invention. 

Figure 6 is a flow chart showing the quantitative 
charging method which is performed by using the quan- 
^ titative charging apparatus in Figure 5. 

Figure 7 is a schematic representation showing a 
conventional quantitative charging apparatus which has 
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a vibrational feeder. 

Figure 8 is a schematic representation showing a 
conventional quantitative charging apparatus which has 
a flow rate control gate. 

Figure 9 is a schematic representation showing a 
conventional quantitative charging apparatus which has 
a auger screw. 

Detailed Description of the Preferred Embodiments 

Examples of the present invention will be described 
in detail with reference to drawings. 

(Example 1) 

Fig. 1 shows a schematic structure of a quantitative 
charging apparatus according to a example 1 of the 
present invention. The quantitative charging apparatus 
according to the present example Is used to fill a prede- 
termined container such as a box and a bag or a packing 
machine, with articles having a target weight W^, and 
comprises a storage cup 1 and four additive storage 
cups 4a, 4b, 4c and 4d for storing the articles. Tfie stor- 
age cup 1 is formed by a main storage cup 2 and four 
subtractive storage cups 3a, 3b, 3c and 3d. The sub- 
tractive storage cups 3a to 3d each have a capacity 
which is the same as that of each of the additive storage 
cups 4a to 4d. The articles are supplied from an charging 
apparatus 11 into the storage cup 1 and the four additive 
storage cups 4a to 4d. 

The storage cup 1 has a load cell 7 so that it is pos- 
sible to weigh the total weight of the articles which are 
supplied into the main storage cup 2 and the four sub- 
tractive storage cups 3a to 3d. The four additive storage 
cups 4a to 4d do not have a load cell. A weight value at 
the load cell 7 Is supplied to a control apparatus (not 
shown). 

A gate 8 for discharging the articles are disposed In 
a bottom portion of the main storage cup 2. while four 
gates 5 which open and close Independently of each 
other are disposed in the four subtractive storage cups 
3a to 3d, respectively. Further, four gates 6 which open 
and close independently of each other are disposed In 
the tour additive storage cups 4a to 4d, respectively. The 
articles within the storage cup 1 and the additive storage 
cups 4a to 4d are discharged into a container 10 such 
as a box and a bag or a packing machine, through a 
chute 9. The gate 8, the four gates 5 and the four gates 
6 are opened and closed under the control of the afore- 
mentioned control apparatus (not shown). 

A capacity ratio between the subtractiye storage 
cups 3a to 3d is a ratio which is obtained by setting r = 
2 and k = 4 in a formula r^-i (r Is a positive real number, 
k < n, n = the number of the subtractive storage cups), 
that is, 1 :2:4:8. Further, a capacity ratio between the ad- 
ditive storage cups 4a to 4d is a ratio which Is obtained 
by setting s = 2 and k = 4 In a formula s'*-'' (s is a positive 
real number, k ^ m. m = the number of the additive stor- 



age cups), that is, 1:2:4:8. 

The quantitative charging method using the quanti- 
tative charging apparatus according to the present ex- 
ample will be described with reference to the flow chart 
5 In Fig. 2. First, at a step 21 shown In Fig. 2. the container 

10 is set in a lower portion of the chute 9. Next, at a step 
22, the articles are supplied from the charging apparatus 

11 into the main storage cup 2 and the four subtractive 
storage cups 3a to 3d which form the storage cup 1 , and 

10 into the four additive storage cups 4a to 4d. The main 
storage cup 2 and the four subtractive storage cups 3a 
to 3d which form the storage cup 1 have a'most the 
same capacity as that of the articles having the target 
weight W^. Hence, the articles of a predetermined ca- 
pacity which has a weight close to the target weight 
is supplied into the storage cup 1. 

At a step 23, the total weight of the articles which 
are supplied intothe storage cup 1 , i.e., the main storage 
cup 2 and the four subtractive storage cups 3a to 3d are 
weighed by the load cell 7, as a rough charging weight 
W3. The weights of the articles which are supplied into 
the additive storage cups 4a to 4d are not weighed. 

Next, at a step 24, the rough charging weight 
and the target weight are compared with each other. 
The comparison is performed In the control apparatus. 
The following procedure is performed in accordance 
with a result of the comparison. First, when the rough 
charging weight is smaller than the target weight W^,, 
an underweight = - Is calculated in the control 
apparatus. Next, a combination of the additive storage 
cups 4a to 4d is selected so that the combination be- 
comes closest the underweight W^. 

The weights of the articles which are stored In the 
additive storage cups 4a to 4d are calculated by multi- 
plying the bulk specific gravity of the articles by the ca- 
pacities of the additive storage cups 4a to 4d. Alterna- 
tively, the bulk specific gravity of the articles may be cal- 
culated from the total capacity of the main storage cup 
2 and all subtractive storage cups 3a to 3d each time 
the rough charging weight is weighed, or may be a 
fixed value which is determined based on a value which 
is predicted in advance. 

Since the capacity ratio between the additive stor- 
age cups 4a to 4d Is 1:2:4:8, when these additive stor- 
age cups are combined, this means that the articles for 
adding is prepared which has a weight 1 to 15 times as 
large as that of the articles which are stored in the small- 
est additive storage cup 4a. Of these combinations, a 
combination of the additive storage cups which makes 
up a weight which Is closest to the underweight is 
selected. Further, at a step 27, the articles within these 
additive storage cups which are selected are discharged 
together with the articles within the main storage cup 2 
and the subtractive storage cups 3a to 3d. Discharging 
of the articles is attained by opening and closing of the 
gates 8 and 6 under the control of the control apparatus. 
On the other hand, when the rough charging weight 
is larger than the target weight W^, an overweight 
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= Wg - is calculated in the control apparatus. 
Next, a combination of the subtractive storage cups 3a 
to 3d is selected so that the combination becomes clos- 
est the overweight W^. The weights of the articles within 
the subtractive storage cups 3a to 3d are calculated in 
a similar manner as in the case of the additive storage 
cups 4a to 4d described above. 

Since the capacity ratio between the subtractive 
storage cups 3a to 3d is 1 :2:4:8, when these subtractive 
storage cups are combined, this means that the articles 
for subtracting is prepared which has a weight 1 to 15 
times as large as that of the articles which are stored in 
the smallest subtractive storage cup 3a. Of these com- 
binations, a combination of the subtractive storage cups 
which makes up a weight which is closest to the over- 
weight Wc is selected. Further, at a step 30. the articles 
within the subtractive storage cups except for the select- 
ed subtractive storage cups are discharged together 
with the articles within the main storage cup 2. Discharg- 
ing of the articles is attained by opening and closing of 
the gates 8 and 5 under the control of the control appa- 
ratus. 

Further, a filled container is replaced with an empty 
container at a step 31 , and weighing is repeated from 
the step 22. 

In the quantitative charging apparatus according to 
the present example, since the articles for adding are 
prepared which have a weight 1 to 15 times as large as 
that of the articles stored in the additive storage cup 4a 
and the articles for subtracting are prepared which have 
a weight 1 to 15 times as large as that of the articles 
stored in the subtractive storage cup 3a. it is possible to 
adjust a weight within a large range which is defined by 
multiplying the articles stored in the subtractive storage 
cup 3a or the additive storage cup 4a by successive in- 
tegers of -1 5 to 1 5, from the weight of the articles stored 
in the main storage cup 2. Further, weighing is per- 
formed only once when the rough charging weight 
is calculated, and weighing while charging the articles 
is not performed. Hence, in the quantitative charging ap- 
paratus according to the present example, the charging 
speed is very high. In addition, since there is only one 
load cell, the quantitative charging apparatus Is advan- 
tageous in terms of cost. 

(Example 2) 

Fig. 3 shows a schematic structure of a quantitative 
charging apparatus according to a example 2 of the 
present invention. The quantitative charging apparatus 
according to the present example 2 has a almost similar 
structure to that of the example 1 In Fig. 1 described 
above, and identical reference symbol are assigned to 
corresponding elements. The quantitative charging ap- 
paratus according to the present example 2 is different 
from the apparatus according to the example 1 de- 
scribed above, in that a capacity ratio between the sub- 
tractive storage cups 3a to 3d is obtained by setting r = 



10 

3 in a formula r'^-'' (r is a positive real number, k ^ n, n = 
the number of the subtractive storage cups), that is, 1: 
3:9:27 and in that a capacity ratio between the additive 
storage cups 4a to 4d is obtained by setting s = 3 in a 
5 formula s^'^ (s is a positive real number, k < m, m = the 
number of the additive storage cups), that is, 1 :3:9:27. 

Now, a quantitative charging method using the ap- 
paratus according to the present example 2 will be de- 
scribed with reference to the flow chart in Fig. 4. First, 
10 as in the example 1, the container 10 is set in a lower 
portion of the chute 9 at a step 32. At a step 33, the 
articles are supplied from the charging apparatus 11 into 
the main storage cup 2 and the four subtractive storage 
cups 3a to 3d of the storage cup 1, and into the four 
IS additive storage cups 4a to 4d. At a step 34. the total 
weight of the articles which are supplied into the storage 
cup 1 , i.e., the main storage cup 2 and the four subtrac- 
tive storage cups 3a to 3d are weighed by the load cell 
7, as the rough charging weight Wg. As in the example 
20 1 , the weights of the articles which are supplied into the 
additive storage cups 4a to 4d are not weighed. 

Next, at a step 35, a weight difference = Wg - 
Wq is calculated. At a step 36, a combination of the sub- 
tractive storage cup to be subtracted from the weight 
25 difference and the additive storage cups to be added 
to the weight difference is selected so that the weight 
difference becomes as close to 0 as possible. At a 
step 37, the articles of the subtractive storage cups 
which are not included in this combination and the arti- 
30 cles of the additive storage cups which are included in 
this combination are discharged together with the arti- 
cles stored within the main storage cup 2. 

The weights of the articles which are stored within 
the subtractive storage cups 3a to 3d and the additive 
35 storage cups 4a to 4d are calculated based on the bulk 
specific gravity of the articles, as in the example 1 . 

Since the capacity ratio between the subtractive 
storage cups 3a to 3d and the capacity ratio between 
the additive storage cups 4a to 4d is each 1:3:9:27 in 
40 this example, the articles for adding are prepared which 
has a weight 1 to 40 times as large as that of the articles 
which are stored in the subtractive storage cup 3a or the 
additive storage cup 4a (hereinafter 'minimum weight 
unit") and the articles for subtracting are prepared which 
45 have a 1- to 40-fold weight. For instance, when the ar- 
ticles having a weight 7 times as large as the minimum 
weight unit is in short of the target weight W^. it the ad- 
ditive storage cups 4c and 4a and the subtractive stor- 
age cup 3b are selected, the articles of the minimum 
so weight unit which are 9+1-3=7 times larger are added. 
Conversely, when the articles having a weight 7 times 
as large as the minimum weight unit are in surplus of 
the target weight W^. if the subtractive storage cups 3c 
and 3a and the additive storage cup 4b are selected, the 
ss articles of the minimum weight unit which are -9-1+3=- 
7 times larger are added, that is. the articles of the min- 
imum weight unit which are 7 times larger are subtract- 
ed. Thus, in the present example, it is possible to adjust 
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a weight within a range which is defined by multiplying 
the articles of the minimum weight unit by successive 
integers of -40 to 40, from the weight of the articles 
stored in the main storage cup 2. 

Further, a filled container is replaced with an empty 
container at a step 38, and weighing is repeated from 
the step 32. 

In the quantitative charging apparatus according to 
the present example 2, since the articles for subtracting 
are prepared which have a weight 1 to 40 times as large 
as that of the articles stored in the subtractive storage 
cup 3a or the additive storage cup 4a and the articles 
for adding are prepared which have a 1- to 40-fold 
weight, it is possible to adjust a weight within a larger 
range than In the example 1 . Further, weighing is per- 
formed only once when the rough charging weight 
is calculated, and weighing while charging the articles 
is not performed. Hence, in the quantitative charging ap- 
paratus according to the present example as well, the 
filling speed is very high. In addition, the quantitative 
charging apparatus is advantageous in terms of cost 
since there is only one load cell, as in the example 1 . 

(Example 3) 

Fig. 5 shows a schematic structure of a quantitative 
charging apparatus according to a third example of the 
present invention. The quantitative charging apparatus 
according to the present example has a similar structure 
to that of the quantitative charging apparatus of Fig. 1 
described above, except for a point that there is only 
one subtractive storage cup 3. Identical reference sym- 
bols are assigned to corresponding elements. 

Now. a quantitative charging method using the ap- 
paratus according to the present example will be de- 
scribed with reference to the flow chart in Fig. 6. The 
charging method of the present example 3 corresponds 
to the method of example 2 where the number of the 
subtractive storage cups is limited to 1 . In short, both 
when the rough charging weight is larger than the 
target weight and when the rough charging weight 
Wg is smaller than the target weight W^, optimum charg- 
ing is performed by finding an optimum combination of 
a subtractive storage cup 3 and the additive storage 
cups 4a to 4d. 

First, the container 1 0 is set in a lower portion of the 
chute 9 at a step 39. At a step 40, the articles are sup- 
piled from the charging apparatus 11 into the main stor- 
age cup 2 and the subtractive storage cup 3 of the stor- 
age cup 1 , and into the four additive storage cups 4a to 
4d. At a step 41. the total weight of the articles which 
are supplied into the storage cup 1 , i.e., the main storage 
cup 2 and the subtractive storage cup 3 are weighed by 
the load cell 7, as the rough charging weight W^. As in 
the example 1 and the example 2. the weights of the 
articles which are supplied Into the additive storage cups 
4a to 4d are not weighed. 

Next, at a step 42, the rough charging weight 



and the target weight are compared with each other. 
The following procedure is performed in accordance 
with a result of the comparison. First, when the rough 
charging weight is smaller than the target weight W^, 

s the underweight = - is calculated at Step 43. 
Next, at a step 44, a combination of the additive storage 
cups 4a to. 4d is selected so that the combination be- 
comes closest the underweight W^. Further, at a step 
45, the articles within the selected additive storage cups 

10 are discharged together with the articles stored within 
the main storage cup 2 and the subtractive storage cup 
3. 

0 1 the other hand, when the rough charging weight 
Wa is larger than the target weight W^, filling is per- 
is form€d without using the articles which are stored in the 
subtractive storage cup 3. as described below. First, an 
underweight = - (W^ - W^) is calculated. The sym- 
bo\ Wg denotes the weight of the articles stored in the 
subtractive storage cup 3. Next, a combination of the 
20 additive storage cups 4a to 4d is selected so that the 
combination becomes closest the underweight W^. The 
weights of the articles which are stored within the sub- 
tractive storage cup 3 and the additive storage cups 4a 
to 4d can be calculated based on the bulk specific grav- 
es ity of the articles as in the example 1 and the example 
2. Since the capacity ratio between the additive storage 
cups 4a to 4d is 1 :2:4:8 in this example, when these ad- 
ditive storage cups are combined, this means that the 
articles for adding are prepared which have a weight 1 
30 to 15 times as large as that of the articles which are 
stored in the additive storage cup 4a. 

Further, a filled container is replaced with an empty 
container at the step 31 , and weighing Is repeated from 
the step 22. 

35 Since only one subtractive storage cup 3 is dis- 
posed and weighing is performed only once when the 
rough charging weight SN^ is calculated in this example, 
quantitative charging can be performed at a high speed 
with a relatively simple structure. In addition, the present 

40 example is advantageous in terms of cost since there Is 
only one load cell, as in the example 1 and the example 
2. 

While the example 1 and example 2 have described 
a case where the numbers of the additive storage cups 

45 and the subtractive storage cups are each 4. the present 
invention is not limited to this. Rather, the numbers of 
these storage cups may be optional. Further, although 
the foregoing has described a case where the additive 
storage cups and the subtractive storage cups all have 

so different capacities, some storage cups may have the 
same capacity. Extremely describing, it is allowable to 
dispose 100 storage cups which have the same capac- 
ity. In addition, although the positive integers r and s are 
2 or 3 in the examples above, the present invention is 

ss not limited to this. Rather, the numbers r and s may be 
other integers or decimal numbers. 
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Claims 

1 . A quantitative charging apparatus, comprising: 

a storage cup which includes one main storage 
cup of a predetermined capacity and a plurality 
of subtract ive storage cups each of a predeter- 
mined capacity so as to store articles having a 
weight which is close to a target weight with- 
in said main storage cup and said subtractive 
storage cups; 

a plurality of additive storage cups each of a 
predetermined capacity so as to store articles 
for adding; 

weighing means for weighing the total weight 
of articles which are supplied into said main 
storage cup and each of said subtractive stor- 
age cups as a rough charging weight W^; and 
control means for comparing said target weight 
Wo and said rough charging weight Wg. when 
said rough charging weight is smaller than 
said target weight W^, said control means cal- 
culating an undenweight = W^, - W^, select- 
ing a combination of said additive storage cups 
based on the weight of articles stored in each 
of said additive storage cups which is calculat- 
ed from the bulk specific gravity of the articles 
so that the combination becomes closest said 
underweight W^. and thereafter discharging the 
articles stored within said additive storage cups 
which are selected together with the articles 
stored in said storage cup, but when said rough 
charging weight Wg is larger than said target 
weight W^, said control means calculating an 
overweight = - W^, selecting a combina- 
tion of said subtractive storage cups based on 
the weight of articles stored in each of said sub- 
tractive storage cups which is calculated from 
the bulk specific gravity of the articles so that 
the combination becomes closest said over- 
weight Wg. and thereafter discharging the arti- 
cles stored within said subtractive storage cups 
which are not selected, together with the arti- 
cles stored in said main storage cup. 

2. The quantitative charging apparatus of Claim 1, 
wherein some of said subtractive storage cups have 
the same capacity. 

3. The quantitative charging apparatus of Claim 1, 
wherein a capacity ratio between some of said sub- 
tractive storage cups is 



10 



IS 



20 



k-1 



n-1 



1:r:r^:...:r- r (1) 

(r is a positive real number, 0 < k < n (integer), 
and n < the number of said subtractive storage 
cups). 



4. The quantitative charging apparatus of Claim 3, 
wherein said positive real number r = 2. 

5. The quantitative charging apparatus of Claim 3. 
wherein said positive real number r = 3. 

6. The quantitative charging apparatus of Claim 1, 
wherein some of said additive storage cups have 

the same capacity. 

7. The quantitative charging apparatus of Claims 1, 
wherein a capacity ratio between some of said ad- 
ditive storage cup is 

1:s^s2:...:s''-^...:s"-^ (2) 

(s is a positive real number, 0 < k ^ m (integer), 
and m < the number of said additive storage cups). 

8. The quantitative charging apparatus of Claim 7, 
wherein said positive real number s = 2. 

9. The quantitative charging apparatus of Claim 7. 
wherein said positive real number s = 3. 



10. A quantitative charging apparatus, comprising: 



a storage cup which includes one main storage 
cup of a predetermined capacity and one or a 
plurality of subtractive storage cups each of a 
predetermined capacity so as to store articles 
having a weight which is close to a target weight 
Wo within said main storage cup and said sub- 
tractive storage cups; 

a plurality of additive storage cups each of a 
predetermined capacity so as to store articles 
for adding; 

weighing means for weighing the total weight 
of articles which are supplied into said main 
storage cup and each of said subtractive stor- 
age cups as a rough charging weight Wg; and 
control means for calculating a weight differ- 
ence W^, = Wa - Wo between said target weight 
Wo and said rough charging weight Wg. select- 
ing said subtractive storage cups to be sub- 
tracted from said weight difference W^ and said 
additive storage cups to be added to said 
weight difference W^, based on the weight of ar- 
ticles stored in each of said subtractive storage 
cups and said additive storage cups which is 
calculated from the bulk specific gravity of the 
articles so that the combination becomes clos- 
est said weight difference W^j, and thereafter 
discharging the articles stored within said sub- 
tractive storage cups which are not selected 
and the articles stored within said additive stor- 
age cups which are selected, together with the 
articles stored in said main storage cup. 
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11. The quantitative charging apparatus of Claim 10, 
wherein some of said subtractlve storage cups have 
the same capacity. 

12. The quantitative charging apparatus of Claim 10. s 
wherein a capacity ratio between some of said sub- 
tractive storage cups is 

^ 1 2 k-1 n-1 

1 : r : r : ... : r : ... : r 

(r is a positive real number, 0 < k < n (integer), io 
and n ^ the number of said subtractive storage 
cups), 

1 3. The quantitative charging apparatus of Claim 1 2, 
wherein said positive real number r = 2. is 

14. The quantitative charging apparatus of Claim 12, 
wherein said positive real number r = 3. 

15. The quantitative charging apparatus of Claim 10, 20 
wherein at least some of said additive storage cups 
have the same capacity. 

16. The quantitative charging apparatus of Claim 10, 
wherein a capacity ratio between at least some of 2S 
said additive storage cups Is 

^ . ^1 . 2 k-l n-l 

1 : s : s : ... : s : ... : s 
(s Is a positive real number, 0 < k< m (integer), 
and m ^ the number of said additive storage cups). 30 

17. The quantitative charging apparatus of Claim 16, 
wherein said positive real number s = 2. 

18. The quantitative charging apparatus of Claim 16. 3S 
wherein said positive real number s = 3. 

19. A method of charging to a predetermined weight, 
the method comprising a preliminary step of charg- 
ing a main storage unit and a plurality of subsidiary 40 
storage units, weighing at least the main storage 
unit, calculating the difference between the thus-ob- 
tained weight and the predetermined weight, select- 
ing subsidiary storage units on the basis of the cal- 
culated difference, and then performing a main 4S 
charging step using the contents of the main stor- 
age unit and the selected subsidiary storage units. 



so 
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Figure 6 
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